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The 80x86 Addressing Modes 

The 80x86 processors let you access memory in many different ways. The 
80x86 memory addressing modes provide flexible access to memory, 
allowing you to easily access variables, arrays, records, pointers, and other 
complex data types. Mastery of the 80x86 addressing modes is the first 
step towards mastering 80x86 assembly language. 

When Intel designed the original 8086 processor, they provided it with a 
flexible, though limited, set of memory addressing modes. 

Intel added several new addressing modes when it introduced the 80386 
microprocessor. Note that the 80386 retained all the modes of the 
previous processors; the new modes are just an added bonus. If you need 
to write code that works on 80286 and earlier processors, you will not be 
able to take advantage of these new modes. However, if you intend to run 
your code on 80386sx or higher processors, you can use these new modes. 
Since many programmers still need to write programs that run on 80286 
and earlier machines, it's important to separate the discussion of these 
two sets of addressing modes to avoid confusing them. 



How 8086 accesses data? 



□ 8086 assembly language instructions can 
be used to illustrate the addressing modes 

□ Format of MOV instruction 

MOV destination, source 


Source of data can be 


■A specified register 
■A memory location 

Destination of data can be 


A specif ied register 
■A memory location 


Classification of Addressing Modes 


1. Immediate addressing mode 

2. Register (direct) addressing mode 

3. Direct addressing mode 

4. Register Indirect addressing mode: 

a. Indexed addressing mode. 

b. Based addressing mode. 

c. Based indexed addressing mode. 

d. Register relative addressing mode 

e. Relative based indexed addressing mode 



Immediate addressing mode 



■ Immediate data is a part of instruction. 

■The immediate data may be 8-bit or 16-bit in size. 


MOV AX, 


0005H 


In the above example, 0005H is the immediate data. 




Register (direct) addressing mode 



Source/Destination Can Be One Of The 8086 Registers 


Example: 


MOV AX,|BX 


16-bit Data Transfer 



Register Addressing Modes 

• Most 8086 instructions can operate on the 8086's general purpose register 
set. By specifying the name of the register as an operand to the instruction, 
you may access the contents of that register. Consider the 8086 mov (move) 
instruction: 

mov destination, source 

This instruction copies the data from the source operand to the destination 
operand. The eight and 16 bit registers are certainly valid operands for this 
instruction. The only restriction is that both operands must be the same 
size. 

• Now let's look at some actual 8086 mov instructions: 

mov ax, bx ;Copies the value from BX into AX 
mov dl, al ;Copies the value from AL into DL 
mov si, dx ;Copies the value from DX into SI 
mov sp, bp ;Copies the value from BP into SP 
mov dh, cl ;Copies the value from CL into DH 
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Register Addressing Modes 

• The registers are the best place to keep often used variables. 

Instructions using the registers are shorter and faster than those that access 
memory. The abbreviated operands reg and r/m (register/memory) used 
wherever you may use one of the 8086 's general purpose registers. 

• In addition to the general purpose registers, many 8086 instructions (including 
the mov instruction) allow you to specify one of the segment registers as an 
operand. There are two restrictions on the use of the segment registers with 
the mov instruction. 

• First of all, you may not specify cs as the destination operand, second, only one 
of the operands can be a segment register. You cannot move data from one 
segment register to another with a single mov instruction. To copy the value 
of cs to ds, you'd have to use some sequence like: 

mov ax, cs, mov ds, ax 

• You should never use the segment registers as data registers to hold arbitrary 
values. They should only contain segment addresses. The abbreviated operand 
sreg used wherever segment register operands are allowed (or required). 
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Memory Addressing Modes 

• The key to good assembly language programming is the proper 
use of memory addressing modes. 

• The addressing modes provided by the 8086 family include: 

* displacement-only, 

* base, 

* displacement plus base, 

* base plus indexed, and 

* displacement plus base plus indexed. 

• Variations on these five forms provide the 17 different addressing 
modes on the 8086. 
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Memory Addressing Modes 


The Displacement Only Addressing Mode (Direct mode) 

The most common addressing mode, and the one that's easiest to 
understand, is the displacement-only (or direct) addressing mode. The 
displacement-only addressing mode consists of a 16 bit constant that 
specifies the address of the target location. 

The instruction mov al,ds:[8088h] 

loads the al register with a copy of the byte at memory location 8088h. 
Likewise, 

The instruction mov ds:[1234h],dl 

stores the value in the dl register to memory location 1234h: 



MOV DS:[1234h], DL 


13 


Direct addressing mode 


Memory Address (Offset) Is Directly Specified In 
The Instruction . 


MOV AX, 


[5000H] 


Here, data besides in a memory location in the data 
segment. 


Physical Address Of Memory Location Is Calculated 
Using DS And Offset Value 5000H. 


Memory Addressing Modes 


The Displacement Only Addressing Mode (direct mode) 

• You can also access words on the 8086 processors : 



1235h 

1234h 
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Memory Addressing Modes 

The Displacement Only Addressing Mode 

• By default, all displacement-only values provide offsets into the 
data segment. If you want to provide an offset into a different 
segment, you must use a segment override prefix before your 
address. 

• For example, to access location 1234h in the extra segment (es) 
you would use an instruction of the form: 

mov ax, es:[1234h]. 

• Likewise, to access this location in the code segment you would 
use the instruction 

mov ax, cs:[1234h] 

• The ds: prefix in the previous examples is not a segment 
override. The CPU uses the data segment register by default. 
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The Reg. Indirect Addressing Modes 


• The 80x86 CPUs let you access memory indirectly through a 
register using the register indirect addressing modes. There are 
four forms of this addressing mode on the 8086, best 
demonstrated by the following instructions: 

mov a I, [bx] mov al, [bp] mov al, [si] mov al, [di] 

• As with the x86 [bx] addressing mode, these four addressing 
modes reference the byte at the offset found in the bx, bp, si, 

or di register, respectively. The [bx], [si], and [di] modes use the 

ds segment by default. The [bp] addressing mode uses the stack 

segment (ss) by default. 
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Register Indirect addressing mode 



The Offset Address Of Data Is In Either BX Or 51 Or DI 
Registers. The Default Segment Is Either D5 Or ES. 


Example: MOV AX, [BX]. 


Here, Data Is Present In A Memory Location In D5 Whose 
Offset Address Is In BX. 


The Effective Address Of The Data Is Given As 10H*DS+ 
[BX]. 



The Reg. Indirect Addressing Modes 

Intel refers to [bx] and [bp] as base addressing modes and bx 
and bp as base registers (in fact, bp stands for base pointer). 

Intel refers to the [si] and [di] addressing modes as indexed 
addressing modes (si stands for source index, di stands for 
destination index). However, these addressing modes are 
functionally equivalent. 
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Indexed addressing mode 





Based Indexed Addressing Modes 

• The based indexed addressing modes are simply combinations of the 
register indirect addressing modes. 

• These addressing modes form the offset by adding together a base 
register (bx or bp) and an index register (si or di). The allowable forms for 
these addressing modes are 

mov al, [bx][si] mov al, [bx][di] mov al, [bp][si] mov al, [bp][di] 

• Suppose that bx contains lOOOh and si contains 880h . Then the instruction 

mov al,[bx][si] 

• would load al from location DS:1880h. 

• Likewise, if bp contains 1598h and di contains 1004, 

mov ax,[bp+di] 

will load the 16 bits in ax from locations SS:259C and SS:259D. 

• The addressing modes that do not involve bp use the data segment by 
default. Those that have bp as an operand use the stack segment by 
default. 



Based indexed addressing mode 



MOV ax: 



Here, BX is the base register and SI is the index 
register. The physical address is computed as is the index 
register. 


The physical address is computed as 10H*DS+[BX]+[SI]. 



Based Indexed Addressing Modes 



You substitute di in the figure above to obtain the [bx+di] addressing 
mode. 



You substitute di in the figure above to obtain the [bp+di] addressing 
mode. 
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Register relative addressing mode 






• You may substitute si or di in the figure above to obtain the 
[si+disp] and [di+disp] addressing modes. 

• Note that Intel still refers to these addressing modes as based 
addressing and indexed addressing. Intel's literature does not 
differentiate between these modes with or without the constant. 



Relative based indexed addressing mode 



50H [BX] [SI] 


Here, 50H is an immediate displacement, BX is a base 
register and SI is Here, 50H is an immediate 
displacement, BX is a base register and SI is an index 

register. 

The physical address of data is computed as 10H*DS+ 

[BX] + [SI] + 50H. 



Based Indexed Plus Displacement 

Addressing Mode 


These addressing modes are a slight modification of the base/indexed 
addressing modes with the addition of an eight bit or sixteen bit constant. 

The following are some examples of these addressing modes: 



mov al, disp[bx][si] mov al, disp[bx+di] mov al, [bp+si+disp] 
moval, [bp][di][disp] 


You may substitute di in the figure above to produce the [bx+di+disp] 
addressing mode . 
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Based Indexed Plus Displacement 

Addressing Mode 



• You may substitute di in the figure above to produce the [bp+di+disp] 
addressing mode. 

• Suppose bp contains lOOOh, bx contains 2000h, si contains 120h, and di 
contains 5. Then, 

mov al,10h[bx+si] loads al from address DS:2130; 
mov ch,125h[bp+di] loads ch from location SS:112A; and 
mov bx,cs:2[bx][di] loads bx from location CS:2007. 
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